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Description 

[0001] The present invention relates to an improved electrical insulation composition. More particularly, the present 
invention relates to an electrical insulation that may be used effectively In the presence of water. Specifically, the present 
5 invention relates to an Improved electrical insulation composition that maintains high breakdown strength over time, 
by minimizing the fomiation of water trees. 

[0002] The present invention further relates to an electrical cable containing an insulation composition effective to 

prevent water trees In the presence of moisture. 

[0003] Electrical hardware, for example, electric cable, is otten used in the presence of or in direct contact with water 
10 When electrical hardware, particularly an electric cable, is operated In the presence of water, the electrical insulation 
composition used to surround and insulate the hardware is often deteriorated by the water Thus, medium and high 
voltage power cables may be subject to dielectric breakdown by a mechanism known in the art as "water treeing." 
[0004] In the present description medium voltage power cable refers to a cable which operates at a voltage in the 
range from about .1 up to about 70 kV and high voltage power cable refers to a cable which operates at a voltage 
»5 greater than about 70 kV. Medium and high voltage power cables are generally constructed in two basic designs. In 
the so-called "dry design", a metallic sheath, such as lead, encloses the cable insulation, thereby assuring that the 
cablo insulation always remains in a perfectly dry condition. In the other, called "wet design", a polymeric sheath en- 
closes the cable insulation and, unlike the metal sheath, this polymeric sheath cannot completely prevent diffusion of 
water , from the outside environment, into the cable insulation layer. 
20 [0005] In this "wet design" second cable design, when the cable is exposed to a water or moisture containing envi- 
ronment, in the presence of electric stress, a degradation of the electrical breakdown strength is observed over time. 
[0006] This decay of the electrical properties of the insulation under wet conditions is believed to be due to a phe- 
nomenon in the art called "water treeing". 

[0007] Water treeing refers to the degradation process of the insulation resulting in the formation of microchannels 
25 or tuoes having a tree-like appearance. A water tree is initiated at stored areas of water, for examples a defect in the 
insulation material and may become significant when an electrical field is applied to the electrical insulation. 
[0008] In order to prevent early failure during the operation of the hardware, it becomes necessary to minimize the 
formation of water trees In the insulator surrounding the electrical hardware. 

[0009] Prior art insulation materials were often modified by the addition of a material which bonds with water to avoid 
30 high local water concentration within the insulation. 

[001 0] A number of additives have been proposed in an attempt to minimize or prevent insulation failure by minimizing 
and preventing the formation of water trees. 

[0011] A general discussion of this phenomenon and examples of these additives can be found in for example, U. 
S. Patent No. 3.499, 791 to Maloney; U.S. Patent No, 3,956,420 to Kato et al.; U.S. Patent No. 3,795,646 to MacKenzie 
Jr.; U.S. Patent No. 4,206,260 to McMahon; U.S. Patent No. 4,370,517 to Soma et al.; U.S. Patent No. 4,293,459 to 
Urban et al., JP 59-35315 to Hitachi Cable and JP 02-311121 to Fujikura Ltd. 
[0012] One prior art insulation material, described in U.S. Patent No. 4,305,849. combines polyethylene glycol with 
a polyolefin insulating material. Polyethylene glycol suffers from the disadvantage that while it is hydrophillc, making 
it attractive to water, it has poor compatibility with the insulating polyolefins, such as apolar polyethylene. 
40 [001 3] Because of its poor compatibility, polyethylene glycol is believed to be dispersed as small droplets throughout 
the polyolefin insulation, these droplets acting as points of attraction for any water diffusing within the insulation. As 
water accumulates around the additive, areas of high local water concentration may be generated, that can themselves 
result in defects. 

[001 4] Accordingly, it has been found that, while the addition of polyethylene glycol can delay the onset of water tree 
formation, over time, it usually results in an overall increase in the number of water trees found in an insulation after 
a certain period of time. 

[0015] As noted in U.S. Patent No. 4,305.849, low hydrophilic, or hydrophobic materials, such as polypropylene 
glycol, do not prevent the formation of water trees in the insulation. 

[001 6] In order to address the problem of water tree fomriation, Japanese patent application JP 59-3531 5 discloses 
an electric insulator formed by crosslinking a composition prepared by adding 0.1-3.0 parts by weight of a nonionic 
fluorine-type surfactant to 100 parts by weight of polyethylene, ethylene-type copolymer or mixture thereof. 
[001 7] Japanese patent application JP 02-31 1121 discloses, while addressing the same problem, an electric insulator 
formed by extrusion molding and consisting of one or several types of copolymers selected from ethylene-ethyl acrylate 
copolymer, ethylene-acrylic acid copolymer, maleic acid graft ethylene-vinyl acetate copolymer, maleic acid graft eth- 
ylene-ethyl acrylate copolymer or mixtures consisting of polyethylene and one or several types of the aforementioned 
copolymers. 

[0018] The present invention provides significant improvements over the prior art compositions by Including as an 
additive within an electrical insulator a material that combines the properties of hydrophilicity and hydrophobicity. 
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[001 9] According to an aspect of the present invention. It has been found that improvWater treeing resistance can 
be obtained by using additives which: 

1) possess sufficient hydrophilicity to allow the polyolefin to link water molecules and prevent them from diffusing 

2) llirsSJrsufficient hydrophobicity and compatibility with the polyolefin, to prevent loss or clustering of the additive 
and maintain diffused water distributed evenly In the mass. 

r00201 Preferably, the additives of the invention also possess a mobility of the hydrophllic portion within the polymeric 
matrix suitable to allow the hydrophllic portion of the additive to effectively reach and link the diffusing water molecules. 
rO021 1 Further advantages of the invention will be set forth in part in the description which follows and in part will be 
apparent from the description, or may be learned by practice of the Invention. The advantages of the invention may 
be realized and attained by means of the instrumentalities and combinations particularly pointed out in the appended 
cidirris 

15 [0022] In a first aspect, the present Invention refers to an electrically insulating composition containing as a nnajor 
component a polymer composition selected from the group consisting of polyolefins. characterized in that said com- 
position further contains an effective amount of a polymeric additive having: 

- a hydrophllic portion made up of polar units comprising linear alkene oxide units, said hydrophllic portion causing 
20 a water absorption In said composition within a selected absorption range: 

- a hydrophobic portion compatible with said polyolefin, said hydrophobic portion causing an additive loss from said 
composition, by contact with water, lower than a selected loss value. 

[0023] In a further aspect the present invention concerns an electrical apparatus having at least a polymeric insulation 
25 layer said layer comprising an electrical insulating composition according to claim 23, 

[0024] In particular, said selected water absorption range is such that the water content of said electrical insulating 
composition is at least 10% higher than that of the same pure polyolefin with the same aging and increases less than 
50*Jo in the period from 100 to 400 hours of exposure to 100% relative humidity at 80*»C. 

[0025] In addition, said water absorption is such that the water content of said electrical insulating composition is 

30 less than 1 0,000 ppm after 400 hours of exposure to 1 00% relative humidity at SO^C. 

[0026] In particular, said hydrophobic portion of the additive causes an additive loss by contact with water which is 
not greater than about 20% by weight atter 120 days accelerated water treeing test according to AEIC CS 5-94. 
[0027] In particular, the hydrophllic portion of the additive has a mobility corresponding to a contact angle with water 
of said polymeric insulation of less than a preselected value; more particularly, said contact angle is less than 75° and. 

35 preferably, less than 70^ (according to ASTM D 724-45, using insulating material in the place of the paper). 

[0028] The polymer constituting the major component of the insulating composition is a polyolefin preferably selected 
from the group consisting of low, medium and high density polyethylene, linear low density polyethylene, ethylene- 
vinyl acetate copolymer, ethylene-ethyl aery late copolymer, ethylene-methyl acrylate copolymer, ethylene-ethyl meth- 
acryiate copolymer, ethylene-propylene copolymer, ethylene-propylene-dieneterpolymer, polypropylene, and mixtures 

■io thereof. 

[0029] According to the invention, the hydrophllic portion of said additive Is made up of polar units, preferably linear 
alkene oxide units and, more preferably, ethylene oxide. 

[0030] In a preferred embodiment the compatible portion is made of aliphatic, aromatic or low polarity units; preferably 
a hindered alkene oxide, and. more preferably the compatible portion is propylene oxide. 
'*5 [0031] Most preferably, the additive is an ethylene-oxide/propylene-oxide block copolymer, in which the ethylene 
oxide portion in the additive is from 50 to 80% by weight. 

[0032] In another preferred embodiment the hydrophobic compatible portion and the hydrophllic portion are chemi- 
cally linked to a low polarity group, preferably an amino group, particularly ethylenediamlne. 

[0033] Preferably, the effective amount of water-tree resistant additive Is from about 0.1 to about 1 0% by weight and, 
50 most preferably, from about 0,2 to about 0.5% by weight. 

[0034] Further details will be apparent from the following detailed description, with reference to the enclosed drawing, 

in which: 

Figure 1 is a perspective view of an electrical cable according to the present invention. 

[0035] In the figure an Insulated electrical cable 1 includes a conductor 2; an internal sublayer 3; an electrically 
insulating layer 4; and an external sublayer 5; a metallic screen 6; and an outer sheath or jacket 7. 
[0036] The conductor 2. as known in the art, is preferably made of stranded metal wires, 
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[0037] The internal and external sublayers 3 and 5 are preferably made of suitable coi^unds according to the prior 
art, extruded onto the conductor 2 separately from or simultaneously with the Insulating layer 4. 
[0038] The insulating layer 4 is preferably formed with the composition according to the present invention, described 
in detail below. 

s [0039] The internal sublayer 3, usually called in the art "conductor shield" is an electrically semiconducting layer for 
causing the electric field to be uniform around the conductor. 

[0040] Methods and materials for making the shield layer will be readily apparent to the skilled artisan. 
[0041] In a cable according to the present invention the Internal sublayer 3 is preferably made of a compound based 
on cross-hnked polyethylenealkyi acrylate, charged with carbon-black, to render it semiconducting (i e with a resistivitv 
10 < 5 ohm/m at room temperature). 

[0042] The external sublayer 5, usually called in the art "insulation shield" is a semiconductive layer; methods and 
materials for making this layer will be readily apparent to the skilled artisan. 

[0043] In a cable according to a preferred embodiment of the present invention the external sublayers Is made from 
a compound based on EVA (ethylenevinyl acetate), charged with carbon-black to make it semiconducting 
'5 [0044] Such layer, as is well known to the skilled in the art. has the object of circumscribing the electrical field round 
the conductor. 

[0045] Extemally to the outer semiconductive layer 5 there is a metallic screen 6, made of electrically conducting 
wires or tapes, helically wound, and a sheath or jacket 7 in polyvinylchloride (PVC) or thermoplastic polyethylene (PE) 
[0046] In an example, a medium voltage cable, defined as 1/0 AWG (American Wire Gauge). 1 75 mils (4 45 mm) 
insulation thickness, for a voltage of 8.7-15 kV. can have the following dimensions 

conductor cross-section = 53.5 mm^; 
diameter of conductor = 9.30 mm; 

external diameter of inner semiconductive layer =10.10 mm 
25 - external diameter of the insulating layer = 1 9.00 mm 

external diameter of outer semiconductive layer = 21 .00 mm 
outer sheath diameter = about 27.00 mm. 



[0047] The polymeric electrical Insulating composition for insulation layer 4 of the present invention has as its major 
30 component an insulating polymer selected from the group consisting of polyolefins 

[0048] The insulating polymer of the present invention may be, for example, polyethylene or a copolymer or terpol- 
ymer produced using comonomers selected from, for example, propylene, butene-1, hexene-1. octene-1. decene-1 

tu°res°thereof "^^^"^^ ^^'^'^'^ ^"'^ ""^^^^^ ^'"^ 

35 [0049] insulating polymers which may be used in accordance: with the present invention may be selected from for 
exarnple, low, medium and high density polyethylene, linear low density polyethylene, ethylene-vinyl acetate copolyr^ier, 
ethylene-ethyl acrylate copolymer, ethylene-methyl acrylate copolymer, ethylene-ethyl methacrylate copolymer ethyl- 
fnnco,''"'^!"® copolymer, ethylene-propylene-diene terpolymer, polypropylene and mixtures thereof ^ ' ' ^ 
40 t K . ir^' "^"^'^ polyethylene, to the purposes of the present invention, includes polymers with a 

J^"«"ybetween0^86and0.93,suchas,forexample.thoseknownintheartasLLDPE(linearlowde 

VLDPE (very low density linear polyethylene). y-su.yiBMe,, 

SSf II '^^^ insulating polymers for use in the present Invention may or may not be crosslinked 

^a?l^^^or™t^M^K^'''^'^'''K ""^ P^^^«"» P^«f«^«bly less than about 0.93 

kg I. n-.ore preferably between about 0.86 and about 0.93 kg/I. and most preferably about 0.92 kg/I Preferred insulatlna 
po ymers of the present invention have a melt flow index of between about 0.02 and about 20 /^ 0 a^^ ZZxprlfS 
between about 1 and about 4.0 g/1 0 min. and most preferably about 2 0 g/1 0 min most preferably 

SmnLiln^oMr -'Ming polymers constitutes the majorcomponent In the preferred electrical Insulation 

treTinr«HH^,l '"^T/'""" '^'^'^^''^^ ^^"'^ compositions of the present invention contain an ann" 

bv wefah? n 'f" ^ITT ^"""^ ° '° ' P^^'^^b'y fr*"^ «bout 0.1 to about 3% 

by weight, most preferably from about 0.2 to about 1 % by weight 

I J*"^ ^"^^H^^ according to the present invention has 1 ) an hydrophilic portion made up of polar units comprisinq 
a7o^j2T r : " hydrophobic portion compatible with the polyolefin; and preferably has a mob'S^ that 

allows the hydrophilic portion to effectively reach and link water molecules ^ 
h^^HH hydrophobic portion, to the purpose of the present invention, we mean a molecular portion which when 

insulating polymer to cause the additive to remain stably dispersed in the insulation in the operating condi«on of the 
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cable or electric hardware Including the insulation. 

[0057] By hydrophllic portion, to the purpose of the present invention, we nnean a molecular portion which, when the 
additive is dispersed or otherwise blended in the insulating polymer, shows a sufficient chemical affinity with water to 
maintain it stably linked to the additive in the operating condition of the cable or electric hardware Including the insulation. 
5 [0058] In one embodiment of the present invention, the anti-treeing additive for use with the present Invention com- 
bines a hydrophllic portion with a hydrophobic portion to improve the compatibility of the additive with the polyolefin 
while retaining the benefit of the hydrophillc additive. 

[0059] The hydrophillc portion of the additive is preferably selected from polar units, more preferably linear alkene 
oxidi3 units, most preferably ethylene-oxide units. The hydrophobic portions of the additive are preferably selected from 

10 units having little or no polarity, more preferably from hindered alkene oxide units, most preferably propylene oxide. 
[0060] A preferred additive according to the present invention is selected from ethyleneoxypropyleneoxy copolymers. 
The copolymers may be in any structure, randomized, alternating or block copolymers. Examples of these copolymers 
are commercially available under the trade name PLURONIC from BASF or SYNPERONIC from \C\. 
[0061] The compositions of the present invention may contain additional components, including cross-linking agents, 

15 antioxidants, fillers, processing aids, lubricants and pigments. The range of available materials which may be added 
to the composition of the present invention is not limited and includes those materials which do not adversely affect 
the insulating properties of the composition. 

[0062] Cross-linking agents for use in the present invention include peroxide cross-linking agents selected from 
organic peroxides, such as dicumylperoxide; bis(terbutylperoxy-isopropyl)ben2ene; terbutylcumylperoxide and mix- 
20 tures thereof. 

[0063] Antioxidants for use in the present invention include polymerized trimethyl dihydroquinoline; 4,4'-thiobis(3-me- 
thyl-6-t-butyl)phenol; pentaerythrityl-tetrakis[3-(3,5-diterbutyl-4-hydroxyphenyl)propionate]; and 2,2'-thiodiethyleneb- 
is-[3-(3,5-ditertbuthyl-4-hydroxyphenyl)propionate] and mixtures thereof. 

[0064] Fillers for use in the present invention Include glass particles, glass fibers, calcinated clay, talc, mixtures 
25 thereof, and the like. Processing aids for use in the present invention include calcium stearate, zinc stearate. stearic 

acid, paraffinic wax and mixtures thereof. 

[0065] The following examples are not to be construed as limiting the invention as described herein. 
Examples 

30 

[0066] A number of compositions were prepared as described below. 
Comparative Example 1 

35 [0067] Example 1 is a contrpl sample of cross-linked polyethylene (XLPE) containing no tree-retardant additive. This 
material provided a reference for comparing prior art additives and those of the present invention. 
[0068] The insulation material of the control was prepared by combining 1 00 parts of low density polyethylene, ES- 
CORENE LP 400 from Exxon; with 0.34 parts (per 1 00 parts polymer) of a phenolic antioxidant, SANTONOX R CABLE 
GRADE from Flexis; and 2.20 parts (per 100 parts of polymer) of dicumylperoxide, DICUP from Hercules. 

40 

Comparative Examples 2-4 

[0069] Each of the insulation materials was prepared by adding to the composition described in Example 1 above 
0.50 parts (per 100 parts of polymer) of an additive described below. 
45 [0070] In Examples 2 and 3 ethoxyacrylate additives were added in accordance with U.S. Patent No. 4,370,51 7. The 
basic structure of these additives is: 

CH2=C{CH3)COO-(CH2CH20-)„CO-C(CH3)=CH2, 

50 

Where the group CH2CH2O is the ethylene oxide group, designated in the following EO. 

[0071] These additives become grafted to the polyethylene, during peroxide crosslinking, at both sides of the mo- 
lecular chain (i.e. the unsaturated ends). 

[0072] Both the additives of examples 2, 3 were supplied by Cray Valley, under the name Sartomer. 
55 [0073] In example 2 Sartomer 252, was used, having value n = 13, i.e. 13 EO groups. 

[0074] In Example 2 the ester group content is 1 2%, the EO content is 79%, and the total O is 35% by mole percent 

in the additive molecule. 

[0075] In Example 3 Sartomer 205 was used, having value n = 3, i.e. 3 EO groups. 
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le 3 the ester 

additive molecule. 



[0076] In Example 3 the ester group content is 31%, the EO content is 46%, total O !S^% by mole percent in the 



[0077] Example 4 uses a polyethylene glycol additive in accordance with U.S. Patent No. 4,305,849. 

[0078] The structure of the additive is: 

5 

(CHgCHaO)^ 

[0079] The tested additive was supplied by Aldrich under the name of PEG 8000. 

10 [0080] The total O content of this material was 36.4% (approx. In the additive molecule). 

[0081 ] Average molecular weight about 8000. 

Examples 5-7 

15 [0082] Examples 5-7 are electrical insulation materials according to the present invention. 

[0083] Each of the insulation materials was prepared by adding to the composition described in Example 1 above 
0.50 parts (per 100 parts of polymer) of an additive described below. 

[0084] Examples 5 and 6 are ethyleneoxy, propyleneoxy copolymers having 80% EO units and 50% EO units re- 
spectively. 

20 [0085] The basic structure of these additives is: 

H-(CH2CH20)„-(CH2CH(CH3)0)„-H. 

25 where the group -(CH2CH(CH3)0)m- is the propylene oxide unit, designated in the following PO. 
[0086] The tested additives were supplied by BASF under the name of PLURONIC. 

[0087] In Example 5 the additive was Pluronic 6800. having an EO/PO ratio of 80/20 and an O content approximately 
of 34.6% in the additive molecule. 
[0088] Average molecular weight was about 8500. 
30 [0089] In Example 6 the additive was Pluronic 1 0500, having an EO/PO ratio of 50/50 and an O content approximately 
of 3J^% in the additive molecule. 
[0090] Average molecular weight was about 6500. 

[0091] Example 7 is an ethoxy/propoxy diamine derivative material (diethylamine ethoxy/propoxylate), having the 
structure: 



H-(EO)„-(POU / (POMEOVH 

NCH2CH2N 
H^EO)„.(PO)J \ (POL-(EO)„-H 



[0092] The ratio n/m for this material was 40/60. 

[0093] The tested additive was supplied by BASF under the name of Tetronic 904. 
45 [0094] The additive had an average molecular weight of 6700 (g/mol), an EO content of 40%, and a total O content 
of 30% (approx. in the additive molecule). 

Example 8 

50 [0095] The above samples were tested in accordance with the EFI test method as described in H. Faremo and E. 
Ildstadt, "The EFI test method for accelerated growth of water trees" IEEE, 1990. 

[0096] The electrical insulation compositions described above were obtained by melt-blending all noted additives 
into the polyolefin insulating matrix , i.e. polyethylene. 

[0097] The blends were then processed in a laboratory Brabender twinscrew mixer at the temperature of the melted 
55 components, i.e. about 130**C. 

[0098] Curing was done at about 1 80**C. 

[0099] The two insulation shields used to monitor aging were made of LE 0592, semiconductive material/supplied 
by Borealis. 
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[01001 The aging conditions used for the tests examples were as follows 



a) 


Temperature 


70°C, continuous heating 


b) 


Electrical Stress 


5 kV/mm, 50 Hz a,c. 



[0101] Tap water was maintained in the specimen cup. 

[0102] After 1 0 and 30 days of aging (1 80 days for one example), electrical breakdown strength (Eb) was measured. 
The aged values were compared with unaged samples to obtain the water tree resistance performance of the Insulation 

materials. 

[0103] Tests results are summarized in Table 1 below. 



Table 1 



Example 


Additive 


Commer. 


Supplier 


Electrical Breakdown (kV/mm) 


Type 


Name 


original 


after aging (days) 


retained value 












10 


30 


180 


after 30 days (%) 


1 


none 


Escorene LD 
400 


Exxon 


105 


50 


45 




43 


2 


*acrylate(n) 
ethox y 
derivate, n= 1 3 


Sartomer 252 


Cray Valley 


124 


82 


80 




64 


3 


*acrylate(n) 

ethox y 
derlvate, n= 3 


Sartomer 205 


Cray Valley 


117 


62 


51 




43 


4 


*PEG 


PEG 8000 


Aldrich 


107 


83 


70 




65 


5 


EO/PO 80/20 


Pluronic 6800 


BASF 


110 


110 


98 


85 


89 


6 


EO/PO 50/50 


Pluronic 10500 


BASF 


115 


99 


94 




82 


7 


ethoxy/propoxy 
diamine deriv. 


Tetronic 904 


BASF 


105 


85 


81 




77 



* Prior art insulation additives 




Example 9 

[0104] The hydrophilicity of the additives of Examples 1 , 4 and 5 has been evaluated by measuring the water uptake 

in a conditioning room at 100% relative humidity at 80°C. 

[0105] Plaques of 200x200 mm, 1 .5 mm thickness were prepared by compression molding and cross-linking the 
compositions of Examples 1 , 4, 5 at a pressure of 200 bar and a temperature of 1 80°C for a time of 30 min. 
[0106] After molding the plaques were thermally conditioned for 3 days at QO^'C in order to eliminate the by-products 
of cross-linking. 

[0107] The plaques were exposed in a conditioning room at 100% of relative humidity and a temperature of 80°C. 
[0108] Water content tests were carried out with a Karl-Fisher instrument. 
[0109] The results are set forth below In Table 2 below. 



Table 2 



Conditioning Time 


Example 1* (Polyethylene) 


Example 4** (Polyethylene & 
PEG) 


Example 5*** Polyethylene & 
EO/PO copolymer 


(hours) 


Water content (ppm) 


Water content (ppm) 


Water content (ppm) 


19 


2200 


6500 


5600 



• FHeference; 
Comparative; 
Invention 
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Table 2 (continued) 



Conditioning Time 


Example 1* (Polyethylene) 


Example 4*' (Polyethylene & 
PEG) 


Examples*** Polyethylene & 
EO/PO copolymer 


(hours) 


Water content (ppm) 


Water content (ppm) 


water conxeni ^ppm; 


43 


2600 


7560 


6570 


115 


2800 


11420 


7050 


211 


3500 


19740 


7730 


355 


3900 


21730 


8150 



" Reference; 
" Comparative; 
Invention 

[0110] Table 2 shows that the presence of the additive provides a certain degree of water absorption (I.e. a certain 
amount of hydrophilicity) to the polymer, when compared with pure polyethylene. 

[0111] Specifically, In pure polyethylene the water content, after an initial period of relatively rapid increase (lasting 
about 100 hours), increases very slowly overtime, about 450-500 ppm every 100 hours. 

[0112] In the comparative composition of Example 4, the water content increases substantially regularly over the 
entire test period, and at a higher rate than that of pure polyethylene. 

[0113] Specifically, comparative composition of Example 4 gains more than 4000 ppm of water every 100 hours, 
without showing a tendency to stabilize. 

[01 14] The inventive composition of Example 5, by contrast, exhibits a faster water content increase than pure pol- 
yethylene (similar to that of Example 4) in the first 100 hours period, but thereafter it shows a slower water content 
increase (at a rate similar to that of pure polyethylene). 

[0115] By comparing the result set forth in Table 2 with those set forth in Table 1 , it can be observed that, while a 
certain amount of hydrophilicity of the compound is useful to reduce electrical breakdown strength decay, continued 
or significant increases in this property are not useful to this purpose. 

[0116] In addition, it must be noted that an excessively high water absorption value, as caused by excessive hy- 
drophilicity of the additive or by an excessive amount thereof In the polyolefin composition, causes an increase of the 
tans value of the composition, which Is unacceptable in a cable insulation, because of the associated power losses. 
[0117] As it is known in the art. an electrical insulation of a cable through which an alternating current flows Is the 
seat of losses, so that the vector representing the current is out of phase by an angle <I> = 90** - 5 on the vector repre- 
senting the voltage. In fact, In an electrical circuit of the reactive type, that is containing inductances and capacities, 
real power P (watt) is defined P = V I cos<p, where (p is the out of phase angle between current and voltage. 
[0118] Tan6 = cos<p, for very small angles 6, as Is the case of good insulators. The angle 5 is defined as the "loss 
angle" and tg6 is defined as the "loss factor". In the case of alternating current cables, significant values of tgS lead to 
a reduction of total power transmitted. 

Exafnple 10 

[0119] The compatibility of the additive, i.e. the capability of the additive to remain in place within the polymer, has 
been evaluated. 

[0120] The sample with the electrical Insulation composition of Example 5, after its use In the electrical breakdown 
strength test of Example 8, In which it was aged for 6 months, was further evaluated by infrared spectroscopy to 

determine if there was any decrease in the amount of additive present. 

[01 21 ] In 8 measurements, a maximum decrease of less than 1 0% was observed and an average decrease of about 
5% from the unaged sample. 

[01 22] For the composition of Example 4, on the basis of comparative thermal aging measurements, an additive loss 
speed about four times greater than that of Example 5 had been evaluated. 

[0123] Table 1 shows that superior electrical breakdown retention values can be obtained with additives having a 
hydrophobic portion, compatible with the polyolefin polymeric matrix (Examples 5, 6, 7). 

[0124] According to an aspect of the present Invention, it is believed that the obtained superior electrical breakdown 
retention values can be attributed in part to the high capability of the additive of becoming linked to the polyolefin matrix 
(by chemical compatibility, i.e. hydrophobicity). 

[0125] This is believed to prevent substantial migration of the additive within the polyolefin matrix and thus, the 
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formation of water accumu.atior, sites which may themselves act as a ^'^^^^^-J^f^^ iTJZTer 
roi 261 While a hydrophilic portion and a compatible portion are present in Examples 2 and 3 the relatively lower 
!esuhi omained wfth these low molecular weight acrylate monomers (both suitable to be grafted to the polyolefin 
matrix^ can be explained in terms of mobility of the hydrophilic portion of the additive. 

These tddrtLi When introduced in the polyethylene matrix and grafted therewith, f ''^^^^^^^^^f. 
"miS abimy of the hydrophilic portion of the additive to get in contact with diffusing water: its bonded extremit.es l.mit 
the ability of the hydrophilic portion of the additive to get in contact with the diffusing water molecules. 

Example 1 1 

[01 28] For each of the Examples 1 -7 above, the mobility of the hydrophilic portion of the additive '^^^l^^ PO^"'^^ ^as 
beer evaluated by determining the wettability of the electrical insulating compositions .nclud.ng the «ddit ves^ 
[01291 In particular, a relatively high wettability value of the additive containing composition was f 
due o a correspondingly high mobility of the hydrophilic portion of the additive, which can easily reach the surface and 
net in contact with water, allowing it to distribute on a larger surface. ^ , c.o^^.o. i 4 «nH «? 

[0130] Plaques were made as described in the Example 9 above, with the compositions of Examples 1 4 and 5_ 
0131] wettability was measured by determining the contact angle value according to the method descnbed in ASTM 
D7?4-45, using the plaques in the place of the paper. Tap water was used as test liquid. ^, 
[01 321 The contact angle values for the remaining compounds has been estimated on the basis of theoretical con- 
siderations on the additive molecular structure. 
[0133] The results are shown in the following Table 3. 



Table 3 



Example 


Additive Type 


Contact Angle Value 


1 


none (pure XLPE) 


90 


2 


*acrylate{n)ethoxy derivate, n = 13 


about 80 


3 


*acrylate(n)ethoxy derivate, n = 3 


about 85-90 


4 


*PEG 


77 


5 


EO/PO 80/20 


64 


6 


EO/PO 50/50 


about 70 


7 


ethoxy/propoxy diamine deriv. 


about 65-70 



[01 341 Thus, compositions having a contact angle not greater than 75- are preferred In the present invention^More 
preferred are compositions with a contact angle of not greater than 73° and, most preferably not greater than 70 . 
[01 351 It must be observed that the values given in Table 3 are related to the specif ic additive content in the compo- 
sitions (0.5%); higher amounts of additive can increase the wettability, but excessively high amounts of additive deter- 
mipe high water absorption values, which would be not acceptable in an electric cable. 



Example 12 

[01 361 Samples were prepared with the compositions of Examples 5 and 6 with varied amounts of the additive rria- 
tenal, according to the EFI model described above, and tested after 30 days aging. The results are set forth in Table 
4. below. 



Table 4 



Additive Cone, in XLPE {%) 


Electrical breakdown after 30 days aging (Kv/mm) 


copolymer EO/PO 80/20 


copolymer EO/PO 50/50 


0.1 


65 




0.2 


88 


71 


0.5 


98 


94 


1.0 


105 


101 
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Table 4 (continued) 



Additive Cone. In XLPE (%) 


Electrical breakdown after 30 days aging (Kv/nnm) 


copolymer EO/PO 80/20 


copolymer EO/PO 50/50 


1.6 




105 



Example 13 

10 [0137] Cables were made with the following structure, according to AEIC CS 5-94 specification: 

Cable type: 1/0 AWG (American Wire Gauge), 175 mils (4.45 mm) insulation thickness, 15 kV. 

conductor cross-section = 53.5 mm^; 
15 ' diameter of conductor = 9.30 mm; 

external diameter of inner sem iconductive layer = 1 0. 1 0 mm 
external diameter of the insulating layer = 1 9.00 mm 
external diameter of outer sem iconductive layer = 21 .00 mm 



20 the metallic screen was made of 6 evenly spaced copper wires, having 1 .6 mm diameter; no outer sheath was used. 
[01 38] The conductor was a stranded conductor made of 1 9 aluminum wires. 
[0139] No filler was used inside the conductor. 
[0140] Insulation types: 

25 the insulation of a first cable was made with the composition of Example 5 and the insulation of a second cable 

was made with the composition of Example 1 (reference, pure XLPE). 

[0141] The cable was first subjected to 14 themnal load cycles according to AEIC CS 5-94 specification and then 
subjected to the accelerated water treeing test (AWTT) procedure. 
30 [01 42] After 1 20 days aging the average AC breakdown strength (kV/mm) was determined (the average breakdown 
strength was measured dividing the relevant voltage value by the insulation thickness). 
[0143] The results of the test are reported in table 5 below: 



Table 5 





average AC breakdown strength (kV/mm) 


Insulation type 


original value (after thermal cycles) 


120 days AWTT aging 


Example 1 


47 


20 


Example 5 


45 


43 



[0144] No substantial decay of breakdown strength was observed with the composition of Example 5 compound, 
while with pure XLPE more than 50% decay was observed. 

[0145] The results above are well in accordance with the tests on EFI model of Example 8 and corresponding results 
can be expected in cables with the other tested compositions. 

[0146] After the AWTT test, on the cable using the compound of Example 5 additive content was measured; no 
significant variation of the additive concentration was measured after 1 20 days aging compared with the original value 
(0.5"/o). 

[01 47] It is believed that the good water tree resistant properties of the composition according to the present invention 
are due to a balance of: 

a) the hydrophilic properties of the additive, i.e., the capability of blocking the water molecules diffusing in the matrix; 

b) the hydrophobic properties of the additive and its compatibility with the insulation polymer matrix, i.e. the affinity 
of the additive to the matrix, permitting a constant and even distribution of the additive in the matrix; and 

c) the mobility of the hydrophilic portion, i.e. its capability of reaching diffusing water. 

which, in combination, provide the final result. 

[0148] As discussed above, in one aspect of the invention, the effect of the wettability on the result is believed to be 
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related to the controlled ■'mobility" of the additive in the matrix (i.e. the capability of tlWddltive. or at least of the 
hydrcphilic portion thereof, to move sufficiently to get in contact with the diffusing water molecules, without bemg ex- 
cessively free so as to allow migration of the additive itself, resulting in either the consequent formation of clusters or 
micro-droplets of water and additive in the matrix, or a "'washing away" of the additive over time). 
[0149] Preferred electrical insulation compositions of the present invention comprise an additive having controlled 
hydrophllic properties, wherein the water content of the composition is at least 1 0% greater than that of the pure poly- 
olef in (at the same aging) and increases less than 50% upon exposure to 1 00% relative humidity at 80-C m the period 
from 100 to 400 hours of exposition. 

[01 50] Preferred electrical insulation compositions of the present invention can be further charactenzed by an additive 
having controlled hydrophobic properties, wherein after an aging time of 6 months in water under an electric stress of 
5 kV/mm and 70-C temperature, the residual concentration of additive in the composition is not less than 30% of the 

original content. 

[01 51 ] Preferred electrical insulation compositions of the present invention further comprise an additive having con- 
trolled mobility, such as a selected additive amount provides a wettability of the electrical insulation composition which 
corr£jsponds to a contact angle of water on the surface of the compound, measured according to ASTM D 724-45. 

lower than about 75 °. ui • i 

[01 52] According to a further aspect of the present invention, the additive can be used not only in the cable insulation 
layer, but also In other places within the cable, such as. for example, the inner and outer semiconductive layers, or the 
conductor (in which the additive can be inserted as a component of a filling composition), in an appropriate amount, 
which can be determined by the skilled In the art to provide the results of the invention, 

[0153] Other embodiments of the invention will be apparent to those skilled in the art from consideration of the spec- 
ificaiion and practice of the invention disclosed herein. 

[0154] It is intended that the specification and examples be considered as exemplary only, with a true scope and 
spirit of the invention being Indicated by the following claims. 



Claims 

1 . An electrically insulating composition containing as a major component a polymer composition selected from the 
group consisting of polyolefins, 

characterized in that said composition further contains an effective amount of a polymeric additive having: 

- a hydrophilic portion made up of polar units comprising linear alkene oxide units, said hydrophilic portion 
causing a water absorption in said composition within a selected absorption range; 

a hydrophobic portion compatible with said polyolelin, said hydrophobic portion causing an additive loss from 
said composition, by contact with water, lower than a selected loss value. 

2. The electrically insulating composition according to claim 1, characterized in that the additive has more than 
about 30% of oxygen atoms in the molecule. 

3. The electrically Insulating composition according to claim 1 . wherein the linear alkene oxide is ethylene oxide. 

4. The electrically insulating composition according to claim 1 , characterized In that the hydrophobic portion is made 
of aliphatic, aromatic or low polarity units. 

5. The electrically insulating composition according to claim 4, characterized In that the hydrophobic portion is a 
hindered alkene oxide. 

6. The electrically insulating composition according to claim 4. characterized in that the hydrophobic portion is 
propylene oxide. 

7. The electrically insulating composition according to claim 6, characterized in that the additive is an ethylene- 
oxide/propylene-oxide block copolymer. 

8. The electrically insulating composition according to claim 7, characterized in that the ethylene oxide portion in 
the additive Is from 35 to 95% by weight 

9. The electrically insulating composition according to claim 8, characterized in that the ethylene oxide portion in 
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the additive is from 50 to 80% by weight. 



10. The electrically insulating composition according to claim 1, characterized In that the hydrophobic portion and 
the hydrophilic portion are chemically linked to a low polarity group. 

5 

11. The eiectrically insulating composition according to claim 12, characterized in that the hydrophobic portion and 
the hydrophilic portion are chemically linked to an amino group. 

12. The electrically insulating composition according to claim 11 , characterized in that the amino group Is ethylene- 
10 diamine. 



13. The electrically insulating composition according to claim 1 , wherein said effective amount of water-tree resistant 
additive is from about 0.01 to about 10% by weight. 



14. The electrically insulating composition according to claim 1 3, wherein said effective amount of water-tree resistant 
additive is from about 0.2 to about 1% by weight. 



15. The electrically insulating composition according to claim 1 , characterized in that said hydrophilic portion causes 
a water absorption in the composition such that the water content thereof is at least 10% higher than that of the 
pure polymer composition with the same aging and increases less than 50% in the period from 100 to 400 hours 
of exposure to 100% relative humidity at BO^'C. 

16. The electrically insulating composition according to claim 1 , characterized In that said hydrophilic portion causes 
a water absorption in the composition such that the water content thereof is less than 1 0,000 ppm after 400 hours 
of exposure to 100% relative humidity at SO^'C. 



17. The electrically insulating composition according to claim 1, characterized in that the hydrophilic portion of the 
additive has a mobility corresponding to a contact angle with water of said polymeric insulation layer of less than 75**. 

18. The electrically insulating composition according to claim 1 7, characterized in that said contact angle is less than 
70°. 



19. The electrically insulating composition according to claim 1 , characterized in that said polyolefin Is selected from 
the group consisting of low, medium and high density polyethylene, linear low density polyethylene, ethylene-vinyl 

35 acetate copolymer, ethylene-ethyl acrylate copolymer, ethylene-methyl acrylate copolymer, ethylene-ethyl meth- 

acrylate copolymer, ethylene-propylene copolymer, ethylene-propylene-diene terpolymer, polypropylene, and mix- 
tures thereof. 

20. The electrically insulating composition according to claim 1 , characterized in that said hydrophobic portion of the 
■*o additive causes an additive loss in an accelerated aging test in water not greater than about 30% by weight after 

6 months aging. 

21. The electrically insulating composition according to claim 1 , characterized in that it has an electrical breakdown 
strength decay in the insulation composition lower than 30% In a 30 days accelerated aging test in water 

45 

22. The electrically insulating composition according to claim 21 , characterized in that said accelerated aging is 
measured on a planar sample with semlconductive layers, at 70'*C with 5 kV/mm electrical stress. 

23. An electrical apparatus (1) having at least a polymeric layer (3, 4, 5), said layer (3. 4, 5) comprising an electrical 
50 insulating composition according to anyone of claims 1 -22. 

24- The electrical apparatus (1) according to claim 23, characterized in that said hydrophobic portion of the additive 
causes an additive loss by contact with water not greater than 20% by weight after 120 days accelerated water 
treeing test according to AEIC CS 5-94. 

55 

25. The electrical apparatus (1) according to claim 23. characterized in that it has a residual electrical breakdown 
strength greater than about 35 kV/mm upon 120 days accelerated water treeing test according to AEIC CS 5-94. 
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26. Use of a polymeric additive as defined in any of the preceding claims 1-22 as a wa^ffree retardant for reducing 
water trees growth in a polymeric layer (3, 4, 5) or filling composition of an electrical apparatus (1). 



Patentanspriiche 

1. F.^lektrisch isolierende Zusammensetzung, enthaltend als einen Hauptbestandteil eine Polymerzusammensetzung 
ausgewahit aus der Gruppe bestehend aus Polyolefinen, dadurch gekennzeichnet, daB die Zusammensetzung 
weiter eine wirksame Menge eines Polymeradditives mit: 

einem hydrophilen Teil, der aus polaren Einheiten, umfassend lineare Alkenoxid-Einhelten gebildet ist, wobel 
der hydrophile Teil eine Wasserabsorption In der Zusammensetzung innerhalb eines ausgewahlten Absorpti- 
onsbereiches hervorruft; 

einen hydrophoben Teil, der mit dem Polyolefin kompatibel ist, wobei der hydrophobe Teil einen Additiwerlust 
aus der Zusammensetzung durch Kontakt mit Wasser hervorruft, der niedriger ist als ein ausgewahlter Ver- 
lustwert. 

2. Hlektrisch isolierende Zusammensetzung gemaB Anspruch 1 , dadurch gekennzeichnet, daB das Additiv mehr 
als ungefahr 30 % Sauerstoffatome in dem MolekCil hat. 

3. t^lektrisch isolierende Zusammensetzung gemafB Anspruch 1 , in dem das lineare Alkenoxid Ethylenoxid ist, 

4. Filektrisch isolierende Zusammensetzung gemaB Anspruch 1 , dadurch gekennzeichnet, daB der hydrophobe 
Teil aus aliphatischen, aromatischen Einheiten Oder Einheiten mit niedriger PolaritSt gebildet ist. 

5. lEIektrlsch Isolierende Zusammensetzung gemaB Anspruch 4, dadurch gekennzeichnet, daB der hydrophobe 
Tell ein gehindertes Alkenoxid ist. 

6. I^lektrisch isolierende Zusammensetzung gemaB Anspruch 4, dadurch gekennzeichnet, daB der hydrophobe 
Teil Propylenoxid ist. 

7. lilektrisch Isolierende Zusammensetzung gemaB Anspruch 6. dadurch gekennzeichnet, daB das Additiv ein 
Ethylenoxid/Propylenoxid-Blockcopolymer Ist. 

8. Elektrisch isolierende Zusammensetzung gemaB Anspruch 7, dadurch gekennzeichnet, daB der Ethylenoxid- 
Teil in dem Additiv von 35 bis 95 Gew.-% ist. 

9. tilektrisch isolierende Zusammensetzung gemaB Anspruch 8, dadurch gekennzeichnet, daB der Ethylenoxid- 
Teil in dem Additiv von 50 bis 80 Gew.-% ist. 

10. iriektrlsch isolierende Zusammensetzung gemaB Anspruch 1, dadurch gekennzeichnet, daB der hydrophobe 
Teil und der hydrophile Teil chemisch mit einer Gruppe mit niedriger Polaritat verbunden sind. 

11. Itlektrisch isolierende Zusammensetzung gemaB Anspruch 12, dadurch gekennzeichnet, daB der hydrophobe 
"eil und der hydrophile Teil chemisch mit einer AminoGruppe verbunden sind. 

12. Elektrlsch isolierende Zusammensetzung gemaB Anspruch 11 , dadurch gekennzeichnet, daB die AminoGruppe 
iithylendiamin ist. 

13. irilektrisch isolierende Zusammensetzung gemaB Anspruch 1, in der die wirksame Menge an wasserbaumchen- 
bildungsbestandlgem Zusatz von ungefahr 0,01 bis ungefahr 10 Gew,-% ist. 

14. Elektrisch isolierende Zusammensetzung gemaB Anspruch 13, in der die wirksame Menge an wasserbaumchen- 
bildungsbestandlgem Zusatz von ungefahr 0,2 bis ungefahr 1 Gew.-% Ist. 

1 5. Elektrisch isolierende Zusammensetzung gemaB Anspruch 1 , dadurch gekennzeichnet, daB der hydrophile Teil 
oine Wasserabsorption in der Zusammensetzung hervorruft, so daB der Wassergehalt davon mindestens 10 % 
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noher als der der reinen Polymerzusammensetzung mit dem glelchen Altern ist ur^^^niger als 50 % in der Zeit- 
spanne von 100 bis 400 Stunden des Aussetzens an 100 % relative Feuchtigkelt bei 80**C anstelgt. 

16. Elektrisch isollerende Zusammensetzung gemaR Anspmch 1 , dadurch gekennzelchnet, daB der hydrophlle Teil 
eine Wasserabsorptlon in der Zusammensetzung hervorruft, so da3 der Wassergehalt davon wenlger als 10 000 
ppm nach 400 Stunden des Aussetzens an 100 % relative Feuchtigkelt bei 80*^0 ist. 

17. Elektrisch isolierende Zusammensetzung gemaB Anspruch 1, dadurch gekennzelchnet, daB der hydrophile Tel! 
des Additivs eine Mobilitat entsprechend einem Kontaktwinkel mit Wasser der polymeren Isolationsschlcht von 
weniger als 75° hat. 

18. Elektrisch isolierende Zusammensetzung gema3 Anspruch 1 7, dadurch gekennzelchnet, daB der Kontaktwinkel 
weniger als 70** Ist. 

19. Elektrisch isolierende Zusammensetzung gema3 Anspmch 1 , dadurch gekennzelchnet, daB das Polyolefin aus 
der Gruppe bestehend aus Polyethylen mit niedrlger, mittlerer und hoher Dichte. linearem Polyethylen mit niedriger 
Dichte, Ethylen-Vinylacetat-Copolymer. Ethylen-Ethylacrylat-Copolymer, Ethylen-Methylacrylat-Copolymer. Ethy- 
len-Ethylmethacrylat-Copolymer, Ethylen-Propylen-Copolymer, Ethylen-Propylen-Dien-Terpolymer, Polypropylen 
und MIschungen davon ausgewahit ist. 

20. Elektrisch isolierende Zusammensetzung gema3 Anspruch 1, dadurch gekennzelchnet, daB der hydrophobe 
Tell des Additivs einen Additivverlust in einem beschleunigten Alterungstest in Wasser von nicht groBerals unge- 
fahr 30 Gew.-% nach 6 Monaten Altern hervorruft. 

21. Elektrisch isolierende Zusammensetzung gemaB Anspruch 1, dadurch gekennzelchnet, daB sle einen elektri- 
schen Durchschlagsfestigkeltsabfall in der Isolationszusammensetzung von nieder als 30 % in einem 30-tagigen 
beschleunigten Alterungstest in Wasser hat. 

22. Elektrisch isolierende Zusammensetzung gemaB Anspruch 21 , dadurch gekennzelchnet, daB das beschleunlgte 
Altern an einer planaren Probe mit halbleitenden Schichten bei 70''C mit 5 kV/mm elektrischer Beanspruchung 
gemessen wird. 

23. Elektrischer Apparat (1 ) mit mindestens einer polymeren Schicht (3, 4, 5), wobei die Schicht (3, 4. 5) eine elektrisch 
isolierende Zusammensetzung gemaB einem der Anspruche 1 bis 22 umfaBt. 

24. E lektrischer Apparat (1) gemaB Anspruch 23, dadurch gekennzelchnet, daB der hydrophobe Teil des Additivs 
einen Additivverlust durch Kontakt mit Wasser von nicht groBer als 20 Gew.-% nach 120 Tagen beschleunlgtem 
Wasserbaumchenblldungstest gemaB AEIC CS 5-94 hervormft. 

25. E lektrischer Apparat (1 ) gemaB Anspruch 23, dadurch gekennzelchnet, daB er eine restliche elektrische Durch- 
schlagsfestigkeit groBer als ungefahr 35 kV/mm nach 120 Tagen beschleunlgtem Wasserbaumchenbildunqstest 
gemaB AEIC CS 5-94 hat. 

26. Verwendung eines Polymeraddltivs gemaB einem der vorangehenden Anspruche 1 bis 22 als ein Wasserbaum- 
cnenbildungsverzogerer zum Reduzieren des Wasserbaumchenwachstums in einer polymeren Schteht (3 4 5) 
Oder Fullzusammensetzung eines elektrischen Apparats (1 ). 



Revendlcations 

1 . Composition electriquement isolante contenant comme composant principal, une composition de polymeres choi- 
sie dans I'ensemble constitue par les polyolefines, caracterlsee en ce que ladite composition contient en outre 
une quantite efficace d'un additrf polymerique presentant : 

- une partie hydrophile faite de motifs polaires comprenant des motifs oxyde d'alkylene lineaire. ladite partie 
hydrophlle entramant une absorption d'eau de ladite composition dans un Intervalle d'absorption choisi • 

- une partie hydrophobe compatible avec ladite polyolefine, ladite partie hydrophobe entrainant une perte d'ad- 
ditif de ladite composition, par contact avec Teau. inferieure a une valeur de perte choisie 



14 




15 



50 



55 



EP 0 814 485 B1 



2. Composition electriquement isolante selon la Vevendication 1 . caracterisee en c^fCe I'additif comporte plus 
d'environ 3'6 f/o' d*atomesjd'oxy^^ la molecule. 

3. Composition electriquement isolante selon la revendication 1 . caracterisee en ce que I'oxyde d'alkyiene lineaire 
5 est I'oxyde d'ethylene. 

4. Composition electriquement isolante selon la revendication 1 . caracterisee en ce que la partie hydrophobe est 
falte de motifs aliphatiques, aromatiques ou de faible polarlt6. 

10 5. c:omposition electriquement isolante selon la revendication 4, caracterisee en ce que la partie hydrophobe est 
un oxyde d'alkyiene encombr6. 

6. Composition electriquement isolante selon la revendication 4, caracterisee en ce que la partie hydrophobe est 
Toxyde de propylene. 



Composition electriquement Isolante selon la revendication 6, caracterisee en ce que I'additif est un copolymere 
bloc oxyde d'ethylene/oxyde de propylene. 

8. Composition electriquement Isolante selon la revendication 7, caracterisee en ce que la partie oxyde d'ethylene 
20 dans Tadditif represente de 35 a 95 % en poids. 

9. Composition electriquement isolante selon la revendication 8, caracterisee en ce que la partie oxyde d'ethylene 
dans Tadditif represente de 50 a 80 % en poids. 

25 10. Composition electriquement isolante selon la revendication 1 , caracterisee en ce que ta partie hydrophobe et la 
partie hydrophile sont chlmiquement llees h un groupe de faible polarite. 

11. Composition electriquement isolante selon la revendication 12, caracterisee en ce que la partie hydrophobe et 
la partie hydrophile sont chlmiquement liees a un groupe amino. 

30 

12. Composition electriquement isolante selon la revendication 11 , caracterisee en ce que le groupe amino est une 
ethylenediamine. 

13. Composition electriquement isolante selon la revendication 1. dans laquelle ladite quantite efficace d'additif con- 
35 terant une resistance a la fonnation d'arborescences dues a I'eau est comprise entre environ 0,01 et environ 10 

'/o en poids. 

14. Composition electriquement isolante selon la revendication 13, dans laquelle ladite quantite efficace d'additif con- 
^erant une resistance k la fonnation d'ariDorescences dues k I'eau est comprise entre environ 0,2 et environ 1 % 

^0 sn poids. 

15. Composition electriquement isolante selon la revendication 1, caracterisee en ce que ladite partie hydrophile 
entralne une absorption d'eau de la composition telle que la teneur en eau de celle-ci est superieure d'au moins 
10 % & celle de la composition de polymeres pure presentant un meme vieillissement, et augmente de moins de 

^5 50 % sur une dur^e de 100 a 400 heures d'exposition a une humidite relative de 100 % a 80 **C. 

16. Composition electriquement isolante selon la revendication 1, caracterisee en ce que ladite partie hydrophile 
antraine une absorption d'eau de la composition telle que la teneur en eau de celle-ci est inferieure a 10 000 ppm 
aprfes une exposition de 400 heures k une humidit6 relative de 100 % k 80 **C. 

17. Composition electriquement isolante selon la revendication 1 , caracterisee en ce que la partie hydrophile de 
'additif a une mobilite correspondant k un angle de contact avec I'eau de ladite couche isolante polym6rique, 
inferieur a 75 ®. 

18. Composition electriquement isolante selon la revendication 1 7, caracterisee en ce que ledit angle de contact est 

mferieur a 70 °. 

19. Composition electriquement isolante selon la revendication 1 .caracterisee en ce que ladite polyolefine est choisie 
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dans I'ensemble constitue par un polyethylene basse density, moyenne densite ou haute densite, un polyethylene 
llneaire basse densjte, un copolymere 6thylene/acetate de vinyle, un copolymere 6thylfene/acrylate d'6thyle, un 
oopolynnere ethyl^n'ey'acfylate de r^ethyle, un^Gopolymere ethylene/methacrylate d'ethyle, un copolynnere ethylene/ 
propylene, un terpolymere ethylene/propyrehe/dlene, un polypropylene et leurs melanges. 

20. Composition electrlquement isolante selon la revendlcation 1. caracterisee en ce que ladlte partie hydrophobe 
de I'additif entraine une perte d'additif au cours d'un essal de vielllissement acc616r6 dans I'eau qui n'est pas 
superreur a environ 30 % en polds, apres un vieilllssement de 6 mois. 

21 . Composition electriquement isolante selon la revendlcation 1 , caracterisee en ce qu'elle presente une degrada- 
tion de la rigldite dielectrique dans la composition Isolante inferieure a 30 % au cours d'un essai de vieilllssement 
accelere de 30 jours dans I'eau. 

22. Composition electrlquement isolante selon la revendication 21 , caracterisee en ce que ledit vielllissement acce- 
lere est mesure sur un echantillon planaire avec des couches semi-conductrices, k 70 °C, avec une tension elec- 
trique de 5 kV/mm. 

23. Apparell electrique (1 ) presentant au moins une couche polymerique (3, 4, 6), ladite couche (3, 4, 5) comprenant 
une composition electrlquement isolante selon I'une quelconque des revendlcations 1 k 22. 

24. Appareil electrique (1) selon la revendication 23, caracterlse en ce que la partie hydrophobe de Tadditif entraine 
une perte d'additif par contact avec I'eau, qui n'est pas superieure a 20 % en poids apres un essai de formation 
acceleree d'arborescences dues k I'eau de 120 jours selon la norme AEIC OS 5-94. 

25. Appareil electrique (1) selon la revendication 23, caracterlse en ce qu'il presente une rigidlte dielectrique resl- 
ciuelle superieure a environ 35 kV/mm au cours d'un essai de fonnation acceleree d'arborescences dues k I'eau 
(ie 120 jours selon la norme AEIC CS 5-94. 

26. Utilisation d'un additif polymerique tel que defini dans Tune quelconque des revendlcations precedentes 1 a 22 
(^omme agent retardant la formation d'arborescences dues a I'eau pour reduire la croissance des arborescences 
dues k I'eau dans une couche polym6rique (3, 4, 5) ou une composition de remplissage d'un appareil Electrique. 
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FIG. 1 
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